From an 0 1 8ac: Kl : H7 ColV+ strain of Escherichia coli (designated MW) that had caused meningitis in a human baby, mutant forms were isolated that lacked different combinations of its 0, K and H antigens and its COW plasmid. These characters were also transmitted by conjugation to E. coli K12 and the virulence, immunogenicity and other properties of the different forms of both strains were studied.
From an 0 1 8ac: Kl : H7 ColV+ strain of Escherichia coli (designated MW) that had caused meningitis in a human baby, mutant forms were isolated that lacked different combinations of its 0, K and H antigens and its COW plasmid. These characters were also transmitted by conjugation to E. coli K12 and the virulence, immunogenicity and other properties of the different forms of both strains were studied. All the forms of the MW strain that lacked either the 018 or KI antigens or the COW plasmid, but not the H7 antigen, were much less virulent for chickens and mice than the parent form of MW. Another form derived by N-methyl-N'-nitro-N-nitrosoguanidine (NTG) treatment of the parent strain and that possessed all these four characters was also much less virulent. Some of the forms of the K12 strain to which the characters had been transferred were slightly more virulent than the K12 parent, but the virulence of all of them, including one possessing the 0 1 8 and K1 antigens and the COW plasmid, did not approach that of the MW parent.
Pathogenesis studies in chickens and colostrum-deprived calves revealed that the loss of virulence exhibited by the forms of the MW strain that lacked 018, K1 and COW and by the NTG-derived form was associated with decreased ability to invade the body. This was also the reason for the low virulence of the forms of the K12 strain that had acquired these characters.
Possession of both the 018 and K1 antigens was largely responsible for the ability of the different forms of the MW strain to survive in fresh chicken serum; organisms of K12 that possessed the Kl antigen survived as long as those of the parent form of the MW strain.
A substantial degree of immunity against lethal infection with the parent form of the MW strain was produced in chickens and mice by all the forms of the MW and K12 strains that possessed the 0 1 8 antigen. The Kl and H7 antigens and the COW plasmid produced no detectable immunity.
'

I N T R O D U C T I O N
Strains of Escherichia coli isolated from generalized infections and meningitis in human beings commonly possess the K1 antigen 0rskov & Orskov, 1975; Sarff et al., 1975; Cheasty et al., 1977; McCabe et al., 1978; Pitt, 1978) . Experimental studies in rodents suggest that the K1 antigen is importantly involved in the pathogenesis of such infections Robbins et al., 1974; Glode et al., 1977; Bortolussi et al., 1979) , much of the evidence incriminating this antigen being obtained from comparisons of the pathogenic effects of these Kl+ strains with those of other wild-type E. coli strains possessing K antigens other than K1. The strains in these two groups could have differed in many respects other than in the presence or absence of the Kl antigen, respects which, of themselves, could influence virulence. Because of this, more information was obtained on the part played by several bacterial components in the virulence of a ColV+ 0 18ac : K1: H7 strain of E. coli by comparing mutant forms of it that only differed, as far as could be determined, by the presence or absence of one or other of these components and by comparing forms of an 3. coli K12 strain to which these components had been transferred by conjugation. The results, which include observations on the serum sensitivity and immunogenicity of these forms, are reported in this paper. Chickens were used in most of the experiments because they suffer naturally from generalized infections with E. coli belonging to the K1+ serotypes similar to those that cause generalized infections in human beings (Sojka, 1965) . The bacterial components that were studied included the 0, K and H antigens and the ColV plasmid. The ColV plasmid was included because such plasmids are virulence characteristics of E. coli (Smith, 1974; Smith & Huggins, 1976) , the virulence they endow on an organism being independent of colicin V production (Binns et al., 1979; Quackenbush & Falkow, 1979) and associated with an iron-uptake mechanism they determine (Williams, 1979) .
METHODS
Bacterial strains. The ColVf 018ac:Kl:H7 strain of E. coli (designated MW), which had caused meningitis in a human baby, was prototrophic, non-haemol ytic and antibiotic-sensitive. Its ColV plasmid was self-transferable. For transferring other characters from it, MW was first converted into an Hfr strain; a met Hfr E . coli K12 strain, P4X (Jacob & Wallman, 1961) , in which F is integrated in the Zac region, was used for this purpose. A non-flagellated (Fla-) Strr strain of E. coli K12 was used as recipient for flagella genes and a Nalr Spcr prototrophic K12 strain as recipient of all other characters. A lac mutant of the MW strain and ser and his mutants of the prototrophic K12 strain used in these procedures had been obtained by N-methyl-N'-nitro-N-nitrosoguanidine (NTG) treatment according to the method of Glover (1 968).
Culture media and cultural conditions. Unless stated otherwise, all culture media were incubated at 37 O C for 24 h. Broth cultures consisted of organisms grown in 10 ml nutrient broth, Oxoid no. 2 (CM67), in a shaking water bath, and contained approximately lo9 viable organisms ml-I. Only in conjugation experiments were broth cultures not shaken; in these, the inoculum was 0.1 ml each of a broth culture of the donor and of the recipient strain. The nutrient agar employed was Difco tryptose agar (B64) and the MacConkey's agar was from Oxoid (CM7). Minimal agar medium consisted of (gl-l): K2HP04, 7; KH2P04, 3; (NH4)2S04, 1; MgSOa.7Hz0, 0-1 ; NaC1,5; glucose or lactose, 5; agar, 15. It was supplemented, when necessary, with growth factors (30 pg d-l).
Bacterial counts. The numbers of viable organisms in broth cultures, tissue fluids and organs were estimated by the method of Miles & Misra (1938) using MacConkey's agar; organ samples were first ground with sterile sand in a pestle and mortar. Estimates of organisms in mixtures were made by using the different kinds of organisms in the mixtures as spontaneous mutants each resistant to a different antibiotic and performing the counts on sets of plates of MacConkey's medium containing the appropriate antibiotics, Experimental animals. Chickens were from this Station's specified-pathogen-free Light Sussex flock. They were used when 1-d-old or 25-d-old. Mice, aged 42 d, were of the White Swiss breed (Tuck TO) and calves, aged 6 to 12 h, were Guernseys cbtained from a local farm.
ColV-mutants of strain MW. Forms of MW lacking the ColV plasmid were obtained by culturing in broth containing 10 % sodium dodecyl sulphate according to the method of Smith & Huggins (1976) .
018-mutants of strain MW. Broth cultures of MW that had been kept at room temperature for 14 d were inoculated on to plates of MacConkey's agar in a manner that would yield many well-separated colonies after incubation. These were submitted to slide-agglutination tests with specific 0 1 8 a n t i s e m (Wellcome) until some were found that were not agglutinated; their inagglutinability was then confirmed by performing tube-agglutination tests with boiled broth cultures. Apart from being slightly redder in colour, 0 1 8-colonies on MacConkey's agar resembled 0 1 8f colonies.
K1-mutants of strain MW. A broth culture of MW was mixed with a concentrated anti-K1 phage preparation , kindly donated by Dr B. Rowe, and spread over the surface of a plate of nutrient agar which was then incubated. Confluent lysis occurred within a few hours. Well-separated colonies of phage-resistant organisms that were visible after continued incubation were tested for the ability to produce K1 antigen by the antiserum-agar technique of Sarff et al. (1975) , using equine meningococcal group B antiserum kindly supplied by Dr J. B. Robbins. Colonies that were not surrounded by a precipitation 'halo' were accepted as K1-and were purified by plating on nutrient agar; they were nonlysogenic for the parent MW strain.
H7-mutants of strain M W . Nutrient broth containing 1OOpg NTG ml-l was inoculated with approximately lo8 organisms of a 3 h broth culture of MW and incubated for 30 min. It was then centrifuged at 2500 g for 30 min and the deposit was made up to the original volume with fresh broth. After incubation, one loopful was 'spot-inoculated' on to the centre of a Petri plate containing soft nutrient agar (0.36 %). The plate was incubated and growth from the centre was inoculated on to the centre of another plate of soft nutrient agar. This process was repeated 10 times and growth from the centre of the eleventh plate was inoculated on to a plate of ordinary agar in a manner likely to yield well-separated colonies after incubation. Cultures prepared from these colonies that were judged to be non-motile by the Craigie tube method and by direct microscopy and were not agglutinated by H7 antiserum (Difco) were recorded as H7-.
COW rransfer to E. coli K12. This was achieved by the method of Smith & Huggins (1976) . Conversion of strain MW to Hfr. A lac ColV-mutant of MW was mated with the Hfr strain of E. coli K12, P4X. The mixed culture was then inoculated on to a Petri plate of minimal agar in which lactose was the sole energy source. A culture prepared from one of the colonies that grew on the plate, that was susceptible to visible lysis by the F-specific phage MS2 (Davis et al., 1961) , possessed the 018, K1 and H7
antigens, was as virulent for chickens as the ColV-form from which it was dsrived and transferred the ability to synthesize arginine at a high rate to an arg E. coli K12 strain, was retained as a suitable MW Hfr strain.
018 transfer to E. coli K12. A his mutant of the Nalr Spc' prototrophic K12 strain was mated with the MW Hfr strain and the mixed culture was inoculated on to a Petri plate of minimal agar containing glucose and sodium nalidixate (20 ,ug ml-I). Colonies that grew on the plate after incubation were submitted to slide agglutination tests with 018 antiserum until one was found that was 018+.
K1 transfer to E. coli K12. A ser mutant of the Nalr Spc' prototrophic K12 strain was mated with the MW Hfr strain and the mixture was inoculated on to a plate of minimal agar containing glucose and sodium nalidixate (20pg ml-l). Colonies that grew on the plate after incubation were tested for K1 production by the antiserum-agar technique of SarfT et al. (1975) and a K1+ one was retained; judged by the density of the precipitation 'halo', the K1 of this isolate, like that of all the K1+ forms of strain K12 and MW used in this work, appeared to be of the OAc+ variety (0rskov et al., 1979). H7 transfer to E. coli K12. The Fla-Strr K12 strain was mated with the MW Hfr strain and then 0.2 ml of the mating culture was inoculated into broth containing streptomycin (40 pg ml-l). After incubation and one further transfer in streptomycin-containing broth, the culture was ' spot-inoculated ' on to the centre of a plate of soft nutrient agar (0.36 %). After incubation, organisms from the peripheral growth were inoculated into a Craigie tube and those that passed through it were inoculated on to a plate of nutrient agar. A culture of a colony from this plate that comprised organisms that were motile by the Craigie tube method and by microscopical examination and were agglutinated by H7 antiserum was retained as being H7+.
Survival oforganisms in serum. Broth cultures were diluted 10000 times in phosphate buffer, pH 7.0 and 0.1 ml of each was added to 0.9 ml of pooled serum from ten 25-d-old chickens (approximately lo4 viable organisms ml-l) and incubated in a water bath at 37°C. At intervals, viable numbers were estimated and the time required to reduce the counts by 75 % was noted.
Virulence tests. Ten-fold falling dilutions of broth cultures were inoculated in 0.1 ml amounts into a main wing vein, a gastrocnemius muscle, the peritoneal cavity or the trachea of groups of 20 chickens; whenever low mortality rates were exFected, additional groups of chickens were inoculated with 0.3 ml of the undiluted broth cultures. The chickens were observed daily for 7 d ; deaths seldom occurred after the fifth day. Tests on mice were performed in a similar manner except that only the intraperitoneal route was employed and the highest dose, 0.3 ml of an undiluted broth culture, was not tested; as in the case of the chickens, the period of observation was 7 d. Where the doses gave responses such that median lethal doses (LD,,) were estimable, the method of Spearmann-Karber (Finney, 1971 ) was adopted; the evaluation of variances enabled significance tests to be carried out. In other cases, significance was tested from 2 x 2 contingency tables either by evaluating x2 or by the use of Fisher's exact test. In all these tests and in immunity tests (see below), wherever reference is made to significance this means a probability of 5 % or less.
All decisions on choice of statistical method and their performance were kindly dealt with by Mr J. G. Rowell of the Agricultural Research Council's Statistics Group, Department of Applied Biology, Cambridge.
Immunity studits. Vaccines consisted of undiluted broth cultures emulsified in an equal volume of Freund's incomplete adjuvant. The organisms in dead vaccines had been killed by the addition of 0.25 % formaldehyde.
Groups of 20 chickens were vaccinated in the left gastrocnemius muscle when they were 25-d-old and groups of 24 mice when they were 42-d-old; the vaccinal dose for chickens was 0.5 ml and for the mice was 0.1 ml. A group of animals that had been given plain broth in the Freund's adjuvant and an unvaccinated group were included in each experiment. At 21 d after vaccination, the immunity of the animals was challenged by the inoculation into the right gastrocnemius muscle of approximately 30 x LD50 organisms of the parent form of the MW strain. Each day for 7 d the number of animals that died in each group was recorded. -, No observation; %, no animals died in the group given the highest dose; > , the number of animals * Except where indicated, all forms of the MW strain were H7f and all forms of the K12 strain were H7-. that died in this group was insufficient to determine the LD50 dose.
RESULTS
Virulence of the diferent forms of the MW and K12 strains for chickens and mice
The results of intramuscular infection experiments designed to assess the virulence for l-d-old and 25-d-old chickens of the MW and K12 strains and of mutant forms of the MW strain deficient in different combinations of its 018, K1 and H7 antigens and its ColV plasmid and of forms of the K12 strain that had acquired these characters during conjugation are summarized in Table 1 . The form designated NTG-derived 018+Kl+ColV+ was included because it was an isolate from an NTG-treated culture of MW which possessed all four of these characters but which, in preliminary studies, had been found to be of reduced virulence; it had been selected initially because its colonies on MacConkey's agar were slightly less red than those of the other organisms in the culture. Although the 1-d-old chickens were more susceptible to fatal infection than the 25-d-old ones, the differences between the results for the different forms in the two kinds of chickens were broadly similar. All the forms of the MW strain that lacked 018, K1 and/or ColV, but not H7, were significantly less lethal than the 018+Kl+ColV+H7+ parent form. The forms that lacked only ColV or 018 were significantly more lethal than the form that lacked both these characters; in the 25-d-old chickens, but not in the 1-d-old chickens, the form that lacked only ColV was significantly more lethal than the form that lacked only 018. The form lacking both these characters was significantly more lethal than the four forms that lacked K1; no significant difference was detected between the lethality of these four forms. Replacing the ColV plasmid in the ColV-form was accompanied by a complete restoration of its lethality to that of the parent form (not shown in Table 1 ).
The results were inadequate for comparing the number of 25-d-old chickens that died following inoculation with the different forms of the K12 strain; apart from six chickens given the highest dose of one or other of the K1+ forms, no deaths occurred in any of the K12 groups, In 1-d-old chickens there was no significant difference in lethality between the parent 018-K1-ColV-form of the K12 strain and the forms that possessed only ColV or H7. The 018+Kl-ColV-, 018-K1+ColV-, 018+Kl+ColV-and 018+Kl-ColV+ For other details see Table 1 .
forms were significantly more lethal than the parent form but significantly less lethal than the 018-K1+ColV+ and 018+Kl+ColV+ forms. The virulence of the two latter forms, though, in no way approached that of the corresponding forms of the MW strain. Assessing the virulence of the different forms of the MW strain for 25-d-old chickens by the intravenous, intraperitoneal and intratracheal routes instead of by the intramuscular route (Table 2 ) also revealed a significant difference in lethality between the parent form and the forms lacking 018, K1 and ColV, but not H7. The chickens were significantly more susceptible to lethal infection with the parent form given intramuscularly than given by any of the other three routes. Given intramuscularly, the forms that lacked only ColV or 018 were more lethal than the form that lacked both these characters, the four K1-forms and the NTG-derived form; there was no significant difference between the lethality of these six forms. Given intravenously, the form that lacked only COW was more lethal than the forms that lacked only 018, K1 or both these antigens or the NTG-derived form, and these four forms were more lethal than the forms that lacked only 018 and COW, or K1 and COW, or all three characters. The only deaths that occurred in chickens inoculated intratracheally were those that had been given the parent form of MW or its H7-mutant.
The results of giving different forms of the MW and K12 strains intraperitoneally to mice are summarized in Table 3 . As in chickens, the forms of MW that lacked COW, 018 or K1 and the NTG-derived form were significantly less lethal than the parent form or its H7-form. The form that lacked only COW was more lethal than the form that lacked only 018 or the NTG-derived form, and these two forms were more lethal than the forms that lacked only K1, or 018 and K1, or 018, K1 and COW. The results were inadequate for comparing the number of mice that died following inoculation with the different forms of the K12 strain; all 16 deaths that did occur, though, were in one or other of the three groups given the highest dose of Kl+ organisms.
Survival of diflerent forms of the MW and K12 strains in chicken serum
The survival times of the different forms of the MW and K12 strains in a pooled sample of serum from 25-d-old chickens are summarized in Table 4 . All the forms of the MW strain that possessed both the 018 and K1 antigens not only survived for the full 3 h observation period but actually multiplied in the serum. Forms that possessed either the 018 or K l antigens survived for a much shorter period, but for longer than the forms that possessed neither antigen. Although no difference in behaviour was detected between the parent form and the form that lacked only the ColV plasmid, the OlS-Kl-ColV+ form did survive for longer than the 018-K1-ColV-form. Apart from the H7+ form, all the forms of the K12 strain possessing the 018 or K1 antigens or the ColV plasmid survived for longer than the 018-Kl-ColV-form, this being especially so in the case of the forms that possessed the K1 antigen. The two forms that possessed this antigen and not the 018 antigen survived for longer than the two forms that possessed both of them; judged by the size of precipitation 'haloes' in the antiserum-agar plates of Sarff et aZ. (1975) , the former were better producers of K1 antigen than the latter. K1-mutants isolated from the serumresistant OlS-Kl+ColV-form survived for only 30 min, the same time as that shown for the parent K12 form in Table 4 .
Fate of dierent forms of the MW and K12 strains inoculated intramuscularly into 25-d-old chickens
Estimating the numbers of organisms in the tissues of 25-d-old chickens that had been killed at different times after lo4 viable organisms of different forms of the MW and K12 strains were inoculated into one of their gastrocnemius muscles revealed that only the 0 1 8fKl+ColV+ parent form of the MW strain proliferated greatly in the inoculation site (Tables 5 and 6 ). The chickens given this form became ill and many of those that were not killed died from the infection; by contrast, none of the chickens given the other forms of the MW and K12 strains ever appeared unwell. Rather higher numbers of organisms of the ColV-form but not of the 018-or K1-forms or the NTG-derived form of the MW strain were found in the gastrocnemius muscle of the chickens killed 3 to 16 h after inoculation than were found in those killed 5 min after inoculation; lower numbers were found at later examinations and it was unusual to isolate organisms of any of these four forms from the chickens killed more than 24 h after inoculation. Organisms were never isolated from the inoculation site of any of the chickens given the 018-K1-ColV-form of the K12 strain, but they were found there in low numbers in most of the chickens that were killed within 16 h of being inoculated with the 018+Kl+ColV+ form of this strain.
Organisms of the parent form of the MW strain were first found in tissues other than the inoculated muscle 5 h after inoculation (Table 6 ). They were commonly isolated from most of the tissues, especially the spleen, of chickens examined subsequently; the more severely ill the chicken, the greater were the numbers of organisms in its tissues. However, in chickens that were recovering from the infection, i.e. most of those that had survived for 40 h, it was usual to find them only at the inoculation site, often in high numbers. Of 21 chickens that were given the ColV-form of the MW strain and killed 30 min to 24 h after inoculation, only six were found to have these organisms, in very low numbers, in tissues other than the inoculation site. The infected tissues were either the blood, kidney or spleen, never the liver, brain or uninoculated muscle. No organisms were found in any tissue other than the inoculation site in the chickens given either of the other three forms of the MW strain or the two forms of the K12 strain.
The experiments described above were repeated with an inoculum consisting of 108 instead of lo4 viable organisms; the results of bacterial counts on inoculated muscle, spleen and blood are summarized in Table 7 . It was not possible to perform counts in the tissues of chickens 24 h or more after they had been inoculated with the parent form of MW because all the chickens given this form had died previously. The disease was almost as severe in the chickens given the ColV-form and nearly all of those that were not killed had died. By contrast, none of the chickens died which had been given the K1-, 018-or NTG-derived forms of MW or the 018-Kl-ColV-or 018+Kl+ColV+ forms of the K12 strain. The bacteriological distribution in the chickens inoculated with the ColVform of the MW strain resembled that in the chickens inoculated with the parent form, very high numbers of organisms being found in the inoculated muscle of all the chickens killed a few hours or more after inoculation; high numbers were also found in their spleens and blood, especially in those that were near to death. In the early stages of infection, the bacteriological distribution in the chickens given the NTG-derived form of strain MW and, to a lesser extent, in those given the OlS+Kl+ColV+ form of K12, also resembled that in the chickens inoculated with the parent form of MW, but those killed 16 h or more after inoculation had only low numbers of organisms in their spleens and none were detectable in their blood. The bacterial counts on the muscles of the chickens killed 1 h or more after they had been inoculated with the K1-or 018-forms of strain MW or the 018-K1-ColV-form of K12 did not differ greatly from those in the muscles of the chickens killed 5 min after inoculation. Low numbers of these organisms were found in the spleens 
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illed within 8 h of inoculation; they were not usually isolated from this site in those killed 16 h or more after inoculation. Neither were they usually found in the blood of any of these chickens irrespective of when they were killed. Organisms of the K1-, 018-and NTG-derived forms of strain MW and of the 018+Kl+ColV+, but not of the 018-Kl-ColV-, form of K12 persisted in inoculated muscle in moderately high numbers for about 6 to 14 d after inoculation; they were not found in the tissues of any of the chickens killed more than 24 h after inoculation.
Fate of different forms of the MW and K12 strains given orally to colostrum-deprived calves
A mixture of organisms of the parent form of MW and of forms of it that lacked either the 018 or K1 antigens or the COW plasmid, all of which were spontaneous mutants resistant to a different antibiotic, was given orally to a colostrum-deprived calf. It was killed 45 h later, critically ill. The main macroscopic lesion present at autopsy was generalized peritonitis. Moderately high concentrations of organisms of all the four forms of MW were found in the contents of its alimentary tract. They were also found in its mesenteric lymph nodes and in peritoneal fluid, those of the parent form greatly outnumbering those of the other three forms (Table 8) . In all other tissues that were examined, organisms of the latter three forms were usually absent or present in very low concentrations. By contrast, organisms of the parent form were present in relatively high concentrations, especially in the spleen, liver, lung (not shown) and kidneys; they were slightly more numerous in the cerebro-spinal fluid than in the blood.
Mixtures consisting of 1O1O viable organisms of the form of the K12 strain to which the 018 and K1 antigens and the ColV plasmid of the MW strain had been transferred and of the form lacking these characters were given orally to three colostrum-deprived calves. At the time when they were killed (1, 2 or 3 d after inoculation), all three appeared well. None or only very low concentrations of these organisms were found in the contents of Toxicity of extracts of the MW strain for chickens andmice One ml of bacteria-free filtrate of an ultrasonically disrupted broth culture of the parent form of strain MW was inoculated intravenously into each of five 25-d-old chickens; none died. When the dose was increased to 5 ml, two died. Of five mice inoculated intravenously with 0.1 ml of the same preparation, none died. One of five inoculated with 0-4 ml died. When the experiments were repeated in chickens and mice but employing the intramuscular instead of the intravenous route of inoculation, none of the animals died.
Immunity produced by diflerent forms of the MW and K12 strains against lethal infection with the parent form of MW The results of challenging the immunity of groups of chickens vaccinated intramuscularly with killed organisms of different forms of the MW and K12 strains against infection with the MW parent form are summarized in Table 9 . All ten forms of the MW and K12 strains that possessed the 018 antigen produced a significant degree of immunity but none of the other forms produced immunity. There was no significant difference in the degree of immunity produced by the ten protective vaccine preparations. The results of a similar experiment in mice, employing both live and dead vaccines prepared from strain K12 (Table lo) , again revealed that only the forms that possessed the 0 1 8 antigen produced a significant degree of immunity.
DISCUSSION
The results of the infection experiments in chickens and mice clearly demonstrated the multifactorial nature of the virulence of the MW strain in that the forms of this strain that lacked either the 018 or K1 antigen or the COW plasmid were much less lethal than the parent strain. Although the absence of the K1 antigen was associated with a greater loss of virulence than was the absence of the other two virulence factors, it seems likely that the absence of any one of them would seriously handicap the ability of the MW strain to produce clinical disease under natural conditions. Although much more genetic material than that which coded for the 018 or K1 antigen would be exchanged in the conjugation experiments in which the 018f and Klf forms of the K12 strain were created, the fact remains that the form of this strain that possessed all three virulence factors (018, K1 and ColV) was only slightly more virulent than the 018-K1-ColV-form and by no means as virulent as the parent MW strain. This implies that the latter must have at least one more factor which, in cooperation with 018, K1 and ColV, is responsible for its high degree of virulence, a hypothesis which is in keeping with the finding that the NTG-derived form of MW was of low virulence despite possessing 018, K1 and ColV. In view of the controversy that has arisen on the safety aspect of using E. coli K12 in recombinant DNA experiments, it is noteworthy that the conjugation experiments described in this paper are in agreement with those published previously which also did not result in the conversion of K12 to pathogenicity.
The essentially non-toxic nature of extracts of the parent form of strain MW for chickens and mice and the results of the pathogenesis studies in intramuscularly inoculated chickens revealed that the 018, Kl, ColV and the unidentified virulence factor($ were associated with the ability of the organisms of the parent form of the MW strain to overcome the host's defence mechanism against invasion: the organisms of the parent form in the low dose experiments ( lo4 organisms) proliferated quickly in the inoculated muscle and invaded the body of the host, whereas those of its mutants and of the 018+Kl+ColV+ form of the K12 strain were much less able to do so and were soon destroyed. With the large dose (los organisms) a significant degree of multiplication of organisms of several of the forms occurred at the inoculation site and they persisted there for several days. Invasion also took place, but the infrequency with which the organisms were found in the blood and the relatively low numbers that were found in the spleen, and then only in the early stages of the infection, indicated that the defence mechanisms of the host were also able to cope with this heavier degree of invasion. The ColV-form of the MW strain, though, was exceptional in that in the high dose, but not in the low dose, studies the disease produced by organisms of this form clinically and bacteriologically resembled that produced by organisms of the parent form. The mixed oral infections of colostrum-deprived calves also revealed that loss of the 018 or K1 antigens or the ColV plasmid greatly reduced the ability of organisms of strain MW to invade the body and that invasive power was only conferred on the K12 strain in very small degree by transferring these three characters to it: the organisms of the forms of MW that lacked these characters and of the form of K12 that possessed all of them survived in the alimentary tract but, unlike organisms of the parent form of MW, they were either absent or present in only low numbers in the internal organs.
The results of the serum sensitivity tests indicated that the 018 and K l antigens and perhaps, to a lesser extent, the ColV plasmid, together were responsible for the ability of the parent MW strain to survive in the serum of 25-d-old chickens, as were used in most of the infection experiments. However, because the NTG-derived form of this strain and the K l f and Kl+ColV+ form of the K12 strain were also resistant to the bactericidal activity of the serum yet were almost completely avirulent, survival in serum cannot, therefore, be looked upon as an indicator of virulence in a strain but rather as an indicator of the presence or absence of some of the factors concerned with it.
The experiments in chickens and mice in which the different forms of the MW and K12 strains were used as vaccines clearly demonstrated the great importance of the 018 antigen in producing immunity against lethal infection with the parent form of the MW strain. Our finding that K1 is a relatively poor immunogen confirms the observations of Kaijser et al. (1973) and Kasper et al. (1973) . That the ColV plasmid did not appear to be involved in the immune process was not surprising bearing in mind that evidence has been presented (Williams, 1979) that indicates that the increased virulence bestowed by this plasmid on its bacterial host is due to the genes it possesses for a special iron-uptake system.
